T HE OPPORTUNITY to obtain direct epicardial leads was provided when a patient developed constrictive tuberculous pericarditis while under observation in the hospital. Pericardiectomy was performed. During the operation the anterior surface of the heart was exposed widely by means of a sternum-splitting incision.
Direct leads from the surface of the human heart in vivo have been obtained by other workers. The first known report is that of Barker, Macleod, and Alexander.' In their subject the exposure of the heart was very limited and most of the sites from which tracings were obtained were identified by measurements correlated with the heart at autopsy. Their purpose was to measure the time of arrival of the excitatory impulse at various points on the surface of the heart. They also produced ectopic beats bv electrical stimulation of points on the surface of the ventricles for studies of electrocardiographic determination of the site of origin of ventricular beats. They published only two of the direct epicardial tracings which they obtained and did not correlate these with leads overlying these portions of the heart on the chest wall. Feil,2 in discussing electrocardiographic studies undertaken during pericardial From the Veterans Administration Hospital, San Francisco, Calif.
Published with permission of the Chief Medical Director, Department of Medicine and Surgery, Veterans Administration, who assumes no responsibilitv for the opinions expressed or conclusions drawn by the authors. resection for cardiac compression, stated that "electrograms in three cases showed greater voltage after resection of the scar and were typically monophasic." No tracings were shown and no mention of precordial leads was made. Nylin and Crafoord3 took direct leads from two human hearts during thoracic surgery for pulmonary lesions. The pericardium was intact in both patients. They made no effort to correlate the direct leads with precordial leads. Wilson and associates4 have shown that in dogs there is a close correlation between direct and precordial leads. They have justified the use of the term "semidirect" leads in relation to the latter.
The purpose of the present paper is twofold. First, we wish to confirm the theory that there is a close correlation between direct and precordial leads for the human heart, and second, we wish to substantiate the statement that the characteristic electrocardiographic abnormality of chronic pericarditis, namely, the inverted T waves, is not due to pericardial disease per se.5' 6 The direct leads were taken from the epicardium after the adherent and thickened pericardium and portions of the epicardium had been removed at surgery. CASE REPORT G. J., a Chinese-American student, aged 20 years, entered the hospital July 19, 1947, with complaints of progressive weakness, dyspnea, increased perspiration, sore throat, and a nonproductive cough, all having developed in the preceding three weeks. Entry physical examination revealed a temperature of 102 F. and a pulse rate of 132 per minute. There 964 were bronchovesicular breath sounds and bronchophony in the paravertebral legion of the base of the left lung. No ralles were heard. The apex beat was outside the left nipple line in the fifth intercostal space. The area of cardiac dullness was enlarged to the left. The heart was rapid but regular. The aortic second sound was louder than the pulmonic second sound. There was a pericardial friction rub, heard best along the left sternal border. The blood pressure was 115/80 in the right arm with the patient recumbent. The liver and spleen were not palpable. There was no ascites or edema. An x-ray film of the chest showed clear lung fields. The cardiac shadow was enlarged (transverse diameter 17 cm.). There was a leucocytosis (12,200 cells per cu. mm. of blood) with 71 per cent neutrophils. The sedimentation rate was 87 mm. per hour (Westergren). The electrocardiogram showed a flat T wave in Lead I, a low T wave in Leads II and IV, and a low, diphasic T wave in Lead III. There was slight elevation of the RS-T segment in Lead III. Reactioa to a skin test with second test strength purified lrotein derivative tuberculin was 3+ in forty-eight hours. The tentative diagnosis of tuberculous penicarlditis which was made was strengthened in the ensuing six months by the development of pleural effusions. Several thoracenteses were performed but Mycobacterium tuberculosis could not be recovered from the fluid by guinea pig inoculations.
Beginning on November 27, 1947, the patient was treated for four months with 1.0 Gm. of streptomycin daily. During this time it was noted that his heart size became normal and the friction rub disappeared, but the heart sounds became distant, the pulse pressure narrowed to 100/80, a paradoxic pulse appeared, and the liver became enlarged. Low voltage developed in all leads of the electrocardiogram (including the plrecordial leads). The venous pressure rose to 17.5 cm. of water and the circulation times for Decholin and ether became 32 seconds and 22 seconds respectively. Pleural fluid reaccumulated after thoracenteses. By December, 1947, it had become evident that the patient had developed constrictive pericarditis. Although the question of performing pericardiectomy was considered at that time, it was postponed because of the likelihood of active tuberculosis of the pericaidium and pleura. By the latter palt of April, 1948, it was apparent that the obstruction to blood flow was progressive and could not be improved by anything short of removal of the constriction about the heart. For this reason, pericardiectomy was performed on 'May 19, 1948, by Dr. Emile Holman.
Operative Procedure. Anesthesia was induced with cyclopropane. A curved incision was made over the sternum and epigastrium. The sternum was split up the center to the level of the second intercostal space and then transected at this level. The pleura was freed from the under surface of the sternum by blunt dissection and the sternum was spread byr 1i ' spreaders. Inspection showed a very quiet heart with minimal pulsations. The pleula was freed laterally on both sides of the pericardium. During this procedure, both pleural cavities were entered. The left was closed by sutures, but the right was left open to expose the base of the heart. The plericad(lium was incised and pericardial effusion under pressure was found. The fluid was aspirated. The incision was extended and showed a pericardium varying from 3 mm. to 1 cm. in thickness. Fibrous, granular material was present on the heart and pelricardlium.
There were several tubercles in the pericardium, which was loosely adherent to the heart at the apex and along the venae cavae and other great vessels. By careful blunt and sharp dissection the pericardium was freed, exposing the pulmonary artery, the aorta, and both venae cavae. Around the venae cavae there were fibrous constrictions due to pericardial thickening. On freeing the pericardium around these vessels, the pulsations of the heart were noted to increase in amplitude and the patient's blood piessure rose slightly. It was noted that there was still some restriction of the heart due to epicardial thickening. The epicardium was incised and dissected away from part of the anterior surface of the right auricle and right ventricle. The danger of penetrating the heart was considered so great that further peeling was not attempted. At this point direct electrocardiographic leads were taken from the exposed surface of the heart. A mushroom catheter was then placed in the right pleural cavity. Two grams of streptomycin and 200,000 units of penicillin dissolved in 100 cc. of saline were placed in the operative site. The incision was closed, the lungs wvere reexpanded, and the patient was returned to the ward with a pulse rate of 90 per minute and a blood pressure of 110/70. During the operation he received intravenously 500 cc. of blood and 1000 cc. of 5 per cent glucose in normal saline. Before induction of anesthesia the pulse rate was 110 per minute and the blood pressure was 90/70. During induction, the pulse rate rose to 120 per minute and the blood pressure fell to an imperceptible level. During most of the operation, which lasted three hours and ten minutes, the pulse rate remained 100 per minute and the blood pressure varied between 60/50 and 110/70. Respiration was maintained by means of the breathing bag during the two hours and thirty minutes that the chest was open. No irregularity of heart action was noted at any time and removal of the adherent pericardium and epicardium by blunt and sharp dissection caused no notable variation in cardiac rate or rhythm.
Pathologic examination of the excised pericardium showed "chronic granulomatous pericarditis consistent with tuberculosis." Mycobacteriumli tuberculosis wvas found in the fluid aspirated at operation by guinea pig i'mculation.
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Technic of Direct Electrocardiography. All leads were taken by Wilson's technic, making the exploratory lead positive and the indifferent lead negative. The indifferent lead was from Wilson's central terminal connected to the right arm, left arm, and left leg with 5000 ohms resistance in each limb.4 The standardization was 10 mm. equals 1 millivolt in all tracings. The instrument used was a Sanborn "Cardiette" of the photographic type.
The precordial leads were taken in the routine manner while the patient was undergoing inhalation anesthesia on the operating table. The direct leads were taken by means of a sterilized standard precordial electrode held against the designated sites on the surface of Although we realize that a metallic electrode placed directly against the heart might conceivably give rise to injury potentials with changes in the QRS-T complexes, there is no evidence that such distortion occurred in this experiment and so far as we know, a standard precordial electrode has not been used previously in obtaining direct leads from the human heart.
Analysis of Direct Leads (Fig. 2) Lead D1. As shown in the right half of figure 1, this lead was taken from the anterior surface of the right auricle. The most prominent deflection is that of the P wave. After a very tiny upstroke there is a deep downward de- the heart by the surgeon after the adherent pericardium had been completely dissected from the heart over its anterior surface. Only four direct leads were taken because the patient 's pulse rate was high and his blood pressure was low(during the entire operation and the surgical team was anxious to complete the operation and terminate anesthesia. Considering the vigorous movement of the denuded heart and the difficulty of exerting firm, even pressure against it, the base line was quite steady and the complexes were remarkably clear and similar in contour. In spite of numerous pieces of alternating-current electrical equipment in the operating room, no alternating-current artefact is seen in the direct leads, although it can be noted in the precordial leads. flection which does not return sharply to the base line, but slurs upward throughout the last half of its duration. This creates the impression of a depressed "P-PQ junction," if such a term can be used in a sense analogous to that of the S-ST junction (J). Since the tuberculous infective process involved the auricles as well as the Ventricles in our patient, the question arose whether this had the significance of an auricular "current of injury" analogous to an RS-T segment deviation in relation to the ventricles. In leads taken by Nylin and Crafoordi from the pericardium overlying a presumably normal right auricle, the P waves were sharp in contour and the P-R segments were isoelectric. Abramson, Fenichel, and Shookhoff7 have suggested that deviation of the P-Q interval in auricular infarction is analogous to the de- viation of the RS-T interval which occurs in ventricular ischemia.
Some doubt, however, is cast on this interpretation by the esophageal lead studies of Brown.8 He found a depressed P-R segment or slurred ascending limb of the auricular QS columns correwave in leads taken near the left atrium of normal subjects.
The QRS complex consists of a prominent initial Q wave, a small R wave, and an S wave. The peak of the R wvave is 0.04 second from the onset of the Q wave and indicates the D4 5-12-48 time of arrival of the wave of excitation at the nearby base of the right ventricle. The T wave is diphasic. Lead D2. This lead was taken from the lower portion of the anterior auriculoventricular sulcus. The P wave is somewhat less prominent and consists of a downward deflection. The same slurring of the upstroke is again present and has the same questionable significance as in Dp. The QRS complex consists entirely of a downward deflection which is notched at the bottom. The absence of a definite R wave probably indicates that the electrode is receiving a vector force mainly from the inside of the ventricular cup. The peak of the upward notch is 0.04 second from the beginning of the downward deflection, corresponding to the peak of the R wave in D1, and thus probably indicates the activation time of the adjacent right ventricle. The T wave appears to be diphasic. The amplitude of the P wave is 4 millimeters. The amplitude of the QS wave is 7 millimeters. Lead D3. This lead was taken from the central portion of the anterior surface of the right ventricle ( fig. 1 ). The P wave is distinct but much less prominent than in D, and D2. It consists entirely of a downward deflection with the slurring still present on the upstroke, resembling, in this respect, the P wave in the preceding two leads. The QRS complex consists of a tiny upward deflection followed by a deep S wave. The upward deflection probably represents septal activation; no positive deflection suggestive of activation of the adjacent free ventricular wall can be seen. The T wave is slightly but definitely inverted in this lead. The amplitude of the S wave is 23 to 25 millimeters. The depth of the T wave is 1 to 2 millimeters. Lead D4. To obtain this lead the electrode was placed upon the anterior surface of the left ventricle as near the apex as was mechanically possible. A definite P wave cannot be made out, but there is an upward deflection preceding the QRS complex. This corresponds in position to the upward, slurred portion of the P-PR complex in the preceding three direct leads. The QRS complex consists of a tall R wave and a distinct S wave. The peak of the R wave follows the onset of the upward de-flection by 0.05 second. The total duration of the QRS complex it 0.09 second. The S-T segment is isoelectric. The T wave is deeply inverted in this lead. The amplitude of the R wave is 24 millimeters. The amplitude of the S wave is 4 millimeters. The depth of the T wave is 13 millimeters.
Comparison of Direct and Precordial Leads
It can be seen by reference to figure 1 that D2 corresponds in position to V1, D3 corresponds to V2, and D4 corresponds to V4. There is no precordial lead taken at a point similar to D1 and no direct lead taken at a point similar to V3. Since the auricles have a much smaller muscle mass than the ventricles and are further from the chest wall, a comparable precordial lead cannot be obtained from any point on the precordium.
V1 bears a general resemblance to D2. The P wave is downward in both. The QRS complex consists of a QS wave only in both. The T wave in V1 is flat rather than diphasic as in D2. Finer points of the P and QRS complexes cannot be made out in the precordial lead because of low amplitude.
V2 is similar to D3 in that the P wave and major QRS deflection are downward in both. Details of the P wave cannot be made out in V2. The tiny initial upward swing of the QRS in D3 is not seen in V2, and there is a tiny final upward deflection in the latter. The T wave in V2 is flat rather than inverted as in D3.
V4 is similar to D4 in contour. The P wave cannot be defined in either but there is a small upward swing in V4 preceding the QRS complex at about the same interval as the similar deflection in D4. The major deflection in both is the R wave and a smaller S wave is present in both. The RS-T segment is isoelectric in both leads. The T wave is inverted in both. The ventricular activation time is 0.04 second in both leads. In proportion to the R wave, the S in V4 is deeper than the S in D4. The depth of the T wave in V4 is less in comparison to the R wave than it is in D4.
DISCUSSION
In general, the following similarities are noted: the QRS complexes in D2, D3, V1, and 1V2 are all of right-ventricular type. D4 and V4 are left ventricular in type but there is an S wave in both and no Q wave is present in either. In the case of D4 we know that the lead is entirely from the left ventricle. The absence of the septal Q wave may be due to end-on vector forces from the septum. The greater amplitude of all complexes in the direct leads is expected because of their proximity to the activated muscle mass.
The T-wave inversion, noted in the precordial leads preoperatively, is seen in the leads taken directly from the surface of the heart at operation. This inversion is taken as electrocardiographic evidence of pericarditis, but the direct leads substantiate the view that the inversion is not due to changes in the pericardium. Even the epicardium was absent at the site of D3 and an inverted T wave is present. There can be little doubt that the abnormal process of repolarization is a function of damaged myocardium.
The correlation of direct and precordial leads in dogs is well established. Our findings confirm the close relationship in the human being. The minor differences between the direct and precordial leads are due, no doubt, to the influence of other portions of the myocardium on the leads more distant from the heart and to the intervening tissue. It is apparent, however, that the precordial leads are a semidirect approach to the study of excitation currents in the human heart as they are in the dog heart. SUMMARY 1. Direct leads were taken from a human heart widely exposed at surgery.
2. The direct leads, except for the markedly increased amplitude of all complexes, are generally similar to the VI leads corresponding in position. 3 . The inverted T wNaves, taken as evidence of "pericarditis" are due to changes in the underlying myocardium.
